Ameliorating effects of constituents from Cortex Acanthopanacis Radicis on memory impairment in mice induced by scopolamine  by Nam, Youngjoo & Lee, Dongung
TOPIC
JTCM |www. journaltcm. com February 15, 2014 |Volume 34 | Issue 1|
Online Submissions: http://www.journaltcm.com J Tradit Chin Med 2014 February 15; 34(1): 57-62
info@journaltcm.com ISSN 0255-2922
© 2014 JTCM. All rights reserved.
EXPERIMENTAL STUDY
Ameliorating effects of constituents from Cortex Acanthopanacis
Radicis onmemory impairment in mice induced by scopolamine
Youngjoo Nam, Dongung Lee
aa
Youngjoo Nam, Dongung Lee, Division of Bioscience,
Dongguk University, Gyeongju 780-714, Republic of Korea
Correspondence to: Prof. Dongung Lee, Division of Biosci-
ence, Dongguk University, Gyeongju 780-714, Republic of
Korea. dulee@dongguk.ac.kr
Telephone: +82-54-770-2224
Accepted: November 22, 2013
Abstract
OBJECTIVE: To investigate the effects of active con-
stituents extracted from Cortex Acanthopanacis
Radicison improving the impaired memory in mice
models.
METHODS: The mice models of memory impair-
ment were established using scopolamine. Amelio-
rating effects of the fractions and constituents on
scopolamine-induced memory impairment in vivo
were investigated using passive avoidance and
Morris water-maze task tests, and their anti-acetyl-
cholinesterase (AChE) and antioxidant activities in
vitro examined. The isolation of constituents was
performed by chromatographic methods and their
structures were identified on the basis of instru-
mental analysis.
RESULTS: Among the fractions tested, ethylacetate
fraction exhibited the anti-AChE activity (25.83%±
0.23%) properly and excellent 2,2-diphenyl-1-picryl-
hydrazyl (DPPH) radical and superoxide anion scav-
enging capacity (87.50% ± 0.83% and 60.22% ±
0.43%, respectively). However, the methylene chlo-
ride fraction was much more active than the ethyl-
acetate fraction in the passive avoidance task test
(167.5% increase of step-through latency time) and
Morris water-maze task test (33.3% decrease of es-
cape latency time). Four constituents, β-sitosterol,
stigmasterol, sesamin, and hyperin were isolated
from the methylene chloride fraction, among
them, hyperin showed anti-acetylcholinesterase
and anti-oxidant activities remarkably. Moreover,
hyperin exerted a potent effect (146±38) s on mem-
ory improvement in terms of passive avoidance
task test compared with the reference compound
tacrine (162±43) s at a dose of 2.5 mg/kg.
CONCLUSION: Hyperin, a flavonoid glucoside iso-
lated from Cortex Acanthopanacis Radicis, inhibited
AChE activity and potently ameliorated scopol-
amine-induced memory impairment, and its action
may be partially mediated by the acetylcholine-en-
hancing cholinergic nervous system.
© 2014 JTCM. All rights reserved.
Key words: Cortex Acanthopanacis Radicis; Stigmas-
terol; Sesamin; Hyperoside; Acetylcholinesterase
INTRODUCTION
Cortex Acanthopanacis Radicis has long been used in ori-
ental traditional medicine for the treatment of many
conditions, including rheumatism, kidney disorders,
bone disorders, and blood circulation problems.1 Mod-
ern pharmacological studies have shown that its bark
possesses various pharmacological activities, such as an-
ti-inflammatory effects,2,3 immunostimulating actions,4,5
as well as antithrombotic and antiplatelet activities.6
However, its actions on learning and memory (using
animal models) have not yet been reported. This plant
has been known to contain a number of lignans (e.g.,
sesamin, ariensin, savinin, acanthoside B and D),7 trit-
erpenoids (e.g., chisanoside, eluteroside I, K, L, M),8,9
several sterols (e.g., β-sitosterol, stigmasterol, campes-
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terol)10 and flavonoids (e.g., hyperin).11 As part of our
ongoing search for agents from natural sources that im-
prove memory,12,13 we evaluated the effects of fractions
and constituents from Cortex Acanthopanacis Radicis
on memory improvement.
In the present study, we report on the inhibitory activi-
ties of this Chinese medicinal herb on acetylcholinester-
ase in vitro as well as its antioxidant properties and
ameliorating effects on scopolamine-induced memory
impairment in vivo.
MATERIALS ANDMETHODS
Materials
The plant material was obtained from oriental drug-
stores (Seoul, Korea). All chemicals used for enzyme as-
says and animal testing were provided by Sigma-Al-
drich (St. Louis, MO, USA). Chemicals and reagents
were of the highest grade available. The Gemini Avoid-
ance System (San Diego Instruments, San Diego, CA,
USA) was used for the passive avoidance task test and
the Morris water-maze task test was conducted with
the Smart Junior Video-tracking System (Panlab,
Spain). The fluorescence microplate reader was the
Gemini EM (Molecular Devices, Sunnyvale, CA,
USA). 1H- (500 MHz) and 13C-NMR (125 MHz) spec-
tra were recorded on a Varian UNITY INOVA 500
spectrophotometer (Varian Inc., Palo Alto, CA, USA).
MS data were obtained on a JMS 700 mass spectrome-
ter (Jeol Ltd., Tokyo, Japan).
Animal studies
Male 8-week-old outbred ICR mice (mean weight of
28.5 g) provided from DaeHan Bio Link (Chungbuk,
Republic of Korea), were housed in groups of seven un-
der standardized conditions (room temperature 21℃±
2℃ , relative humidity of 50%-60%, 12 h alternating
cycle of light and dark). Mice were divided into three
groups having similar body weight: control group, sam-
ple groups, and positive control group. This research
was conducted in accordance with "Guide for the care
and use of laboratory animals" (NIH publication #
85-23, revised in 1985).
Extraction and isolation
The pulverized plant material (bark) (1 kg) was extract-
ed with 80% methanol (2 L) and then concentrated to
produce a brown oily extract (250 g), which was succes-
sively fractionated sequentially with 200 mL each of
methylene chloride (13.5 g), ethylacetate (18.2 g), and
n-butanol (25.8 g) to yield the corresponding dried ex-
tracts. The most active methylene chloride fraction in
an in vivo assay was subjected to silica gel column chro-
matography according to published methods10,11 to ob-
tain four compounds (a-d). Compound structures were
identified through comparing spectral data with au-
thentic compounds.7,10,14 Some chemical assignments
had to be revised by advanced instrumentation.
β-Sitosterol (a): colorless solid. mp 137℃-140℃ ; 1H
NMR (CD3OD) δ: 0.66 (3H, s, H-18), 0.80 (3H, d,
J=7.0 Hz, H-26), 0.82 (3H, d, J=7.0 Hz, H-27), 0.83
(3H, t, J=7.5 Hz, H-29), 0.91 (3H, d, J=7.0 Hz,
H-21), 0.99 (3H, s, H-19), 3.51 (1H, m, H-3), 5.33
(1H, br d, J=5.5 Hz, H-6), 13C-NMR (CD3OD) δ:
140.8 (C-5), 121.7 (C-6), 71.8 (C-3), 56.8 (C-14),
56.1 (C-17), 45.9 (C-9), 42.3 (C-13), 42.3 (C-4),
39.8 (C-12), 37.3 (C-1), 36.5 (C-10), 36.2 (C-20),
34.0 (C-22), 31.9 (C-7, 8), 31.7 (C-2), 29.2 (C-25),
28.3 (C-16), 26.1 (C-23), 24.3 (C-15), 23.1 (C-28),
21.1 (C-11), 19.8 (C-27), 19.4 (C-19), 19.0 (C-26),
18.8 (C-21), 12.0 (C-29), 11.9 (C-18); ESI-MS m/z
437 [M+Na]+.
Stigmasterol (b): colorless solid. mp 167℃-168℃
(dec.); 1H-NMR (CDCl3): δ 0.70 (3H, s, H-18), 0.81
(3H, d, J=7.5 Hz, H-27), 0.83 (3H, d, J=6.8 Hz,
H-26), 0.85 (3H, t, J=7.8 Hz, H-29), 0.92 (3H, d, J=
6.4 Hz, H-21), 1.01 (3H, s, H-19), 0.92-2.40 (24H,
m, methane and methylene protons), 3.51-3.53 (1H,
m, H-3), 5.02 (1H, dd, J=15.5, 8.5Hz, H-22), 5.15
(1H, dd, J=15.0, 8.5 Hz, H-23), 5.34-5.35 (1H, m,
H-6), 13C-NMR (CDCl3): δ 39.9 (C-1), 32.1 (C-2),
72.0 (C-3), 42.5 (C-4), 141.0 (C-5), 121.9 (C-6),
32.1 (C-7), 32.2 (C-8), 51.5 (C-9), 37.5 (C-10), 21.4
(C-11), 40.7 (C-12), 42.5 (C-13), 57.1 (C-14), 25.6
(C-15), 31.9 (C-16), 56.2 (C-17), 12.5 (C-18), 21.3
(C-19), 36.8 (C-20), 19.2 (C-21), 32.2 (C-22), 29.1
(C-23), 50.4 (C-24), 32.1 (C-25), 21.3 (C-26), 19.6
(C-27), 24.6 (C-28), 12.3 (C-29) Positive ESIMS m/z
412 [M + Na]+.
Sesamin (c): yellow solid. mp 124℃-125℃ ; 1H-NMR
(CDCl3) δ: 3.13 (1H, m, H-1), 4.60 (1H, d, J=4.8Hz,
H-2), 3.80 and 4.21 (2H, m, H-4), 3.10 (1H, m,
H-5), 4.72 (1H, d, J=5.1Hz, H-6), 3.83 and 4.22
(2H, m, H-8), 6.84 (1H, d, J=1.8Hz, H-2'), 6.71 (1H,
d, J=8.1Hz, H-5'), 6.67 (1H, dd, J=1.8, 8.1Hz, H-6'),
6.88 (1H, d, J=1.5Hz, H-2"), 6.75 (1H, d, J=8.1Hz,
H-5"), 6.82 (1H, dd, J=8.1, 1.5Hz, H-6"), 5.90 (2H,
s, -OCH2O-), 13C-NMR (CDCl3) δ: 55.0 (C-1),
87.2 (C-2), 72.6 (C-4), 55.4 (C-5), 87.0 (C-6), 72.7
(C-8), 133.6 (C-1'), 114.2 (C-2'), 146.5 (C-3'), 145.6
(C-4'), 116.2 (C-5'), 118.3 (C-6'), 136.4 (C-1"),
107.2 (C-2"), 148.7 (C-3" and 4"), 108.8 (C-5"),
120.2 (C-6"), 101.5 (-OCH2O-); ESI-MS m/z 377
[M+Na]+.
Hyperin (d): yellow solid. mp 236℃-238℃; 1H‐NMR
(CDCl3) δ: 3.50 (1H, dd, J=9.6, 3.2 Hz, H-3"), 3.56
(1H, m, H-5"), 3.63 (1H, dd, J=9.8, 7.6 Hz, H-2"),
3.71 (1H, dd, J=11.6, 4.4 Hz, H-6"), 3.76 (1H, d, J=
2.4 Hz, H-4"), 3.84 (1H, dd, J=11.6, 7.6 Hz, H-6"),
5.17 (1H, d, J=7.8 Hz, H-1"), 6.20 (1H, s, H-6), 6.35
(1H, s, H-8), 6.80 (1H, d, J=8.0 Hz, H-5'), 7.53 (1H,
d, J=8.4 Hz, H-6'), 7.79 (1H, s, H-2'), 13C-NMR
(CDCl3) δ: 61.9 (C-6"), 70.4 (C-4"), 70.8 (C-2"),
73.0 (C-3"), 75.8 (C-5"), 93.2 (C-8), 98.3 (C-6),
103.6 (C-1"), 103.8 (C-10), 114.5 (C-2'), 116.2
(C-5'), 120.8 (C-1'), 121.7 (C-6'), 134.4 (C-3), 144.2
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(C-3'), 148.8 (C-4'), 156.2 (C-2), 157.3 (C-9), 161.4
(C-5), 164.5 (C-7), 178.4 (C=O); ESI-MS m/z 487
[M+Na]+.
Acetylcholinesterase (AChE) activity assay
ACHE activity was evaluated using a modified Ell-
man's coupled enzyme assay method.15 Each sample
mixture (fractions: 1.0 mg/mL, compounds: 0.25 mg/
mL), substrate (75 mM acetylthiocholine iodide), and
Ellman reagent [10 mM 5,5'-dithiobis-(2-nitrobenzoic
acid) and 17.85 mM sodium bicarbonate in sodium
phosphate buffer solution, pH 7.0] was incubated for
4 min at 25℃ . The enzyme solution (commercial
AChE 10 units/10 µL) was added to this mixture,
which was further incubated for 1 min at 25℃ . The
difference of absorbance at 412 nm for the sample ver-
sus control was calculated as an inhibition rate (%). Ta-
crine was used as a positive control.
DPPH radical scavenging activity assay
According to the method of Blois,16 each sample (ex-
tract and fractions: 1.0 mg/mL, compounds: 0.1 mg/
mL) in MeOH was mixed with 1.5×10-4 M DPPH (2,
2-diphenyl-1-picrylhydrazyl) in MeOH. After standing
for 30 min at RT, the absorbance was measured at
520 nm and compared with the control. α-tocopherol
was used as a positive control.
Lipid peroxidation assay
According to the method of Ohkawa et al,17 0.65 mL of
0.1 M potassium phosphate buffer (pH 7.4), 0.1 mL of
tissue homogenates, and 0.1 mg/mL of each compound
were incubated for 1 h at 37℃ . After 1 h, 0.2 mL of
8.1% sodium dodecyl sulfate, 1.5 mL of 20% acetate
buffer (pH 3.5), and 1.5 mL of 0.8% 2-thiobarbituric
acid, were added to the above mixture, and further in-
cubated for 1 h at 95℃. After cooling the reaction mix-
ture to room temperature, the thiobarbituric acid reac-
tive substance (pink color) in the reactant was trans-
ferred to a mixture of n-butanol∶pyridine (15∶1) and
its absorbance was measured at 532 nm as the degree
of lipid peroxidation.
Superoxide anion assay
The superoxide anion quenching activity assay was per-
formed using the SOD assay kit-WST (Sigma-Aldrich,
St. Louis, MO, USA) according to a previously de-
scribed protocol.18 The superoxide dismutase (SOD) ac-
tivity, measured as a superoxide anion quenching activi-
ty, was quantified by measuring the decrease in the col-
or development at 440 nm. Ascorbic acid was used as a
positive control. Extract and fractions (1.0 mg/mL)
and compounds (0.1 mg/mL) were used.
Passive avoidance task test
A step-through passive inhibitory avoidance test was
conducted using a two-compartment box equipped
with a light/noise system and an electric grid floor in
each compartment. Prior to the training test, 0.1 mL
of each sample (extract and fractions: 250 mg/kg, com-
pound and tacrine: 2.5 mg/kg) was administered p.o.
or i.p. for 7 days. Scopolamine (1.0 mg/kg) was inject-
ed intraperitoneally 1 h after the last administration.
After 30 min, the training test was performed as fol-
lows: each mouse was gently placed in the light/noise
compartment of the test box. After 15 s, light and
noise were applied until the mouse escaped into the
neighboring grid floor compartment. When the mouse
moved to this compartment, the guillotine door be-
tween both compartments was immediately closed; an
electric shock (3.0 mA, 3 s) was then delivered to the
grid floor. Mice that did not enter the shock compart-
ment within 120 s were excluded for the next experi-
ment. A retention test was performed 24 h after the
training test using the same conditions described above.
Moving time from compartment to compartment was
recorded for a step-through latency time, which was
measured using 300 s as a maximum cut-off time.
Morris water-maze task test
The water-maze test was carried out according to the
Morris method.19 This test was conducted using a circu-
lar pool (diameter: 100 cm, height: 37 cm), which was
filled with water to a depth of 27 cm at 22℃ . An es-
cape platform (diameter: 10 cm), which is a target for
the mouse, was submerged under the surface of the wa-
ter in one of the pool quadrants. Prior to the training
test, each sample (extracts and fractions: 250 mg/kg, ta-
crine: 2.5 mg/kg) was administered p.o. for 7 days. Sco-
polamine (1.0 mg/kg) was injected intraperitoneally 1
h after the last administration. After 30 min, the train-
ing test was performed as follows: each mouse was
placed in the water and began to look for the escape
platform; the entire process was observed by a video
tracking system. When the mouse successfully located
the platform, it was allowed to remain on the platform
for 10 s. However, if the mouse failed to find the plat-
form within 150 s, the mouse was placed on the plat-
form for 10 s. A retention test was performed 24 h af-
ter the training test using the same conditions de-
scribed above. The time taken for the mouse to escape
from the water onto the platform was measured as the
escape latency time, which was recorded up to 300 s as
a maximum cut-off time.
Statistical analysis
Data were expressed as the mean±SE. from three or sev-
en experiments. Differences between means were deter-
mined using the Student's t-test. P<0.05 is the signifi-
cant level.
RESULTS
Among the samples tested, the ethylacetate and methy-
lene chloride fraction showed a proper anti-acetylcho-
linesterase activity (25.83% and 20.50% inhibition, re-
spectively) at a dose of 1.0 mg/mL (Table 1). Further,
the ethylacetate fraction exhibited a potent DPPH scav-
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enging activity (87.50% inhibition) and strongly re-
duced superoxide anion formation by 60.22% at
1.0 mg/mL (Table 1).
In comparison with antioxidant activities in vitro, the
passive avoidance task test revealed that the methylene
chloride fraction was much more active (latency time
107.5 s at 250 mg/kg), with a 167.5% increase com-
pared with the control (scopolamine-treated group)
(Figure 1).
Treatment with the methylene chloride fraction result-
ed in a shortened escape (latency time 48.3 s) with a
33.3% decrease, compared with the scopolamine-treat-
ed group (latency time 72.4 s) (Figure 2).
From the methylene chloride fraction, two plant ste-
rols, such as β-sitosterol and stigmasterol, one lignin,
sesamin, and one flavonoid, hyperin (Figure 3), were
isolated and tested for their activities compared with
corresponding reference compounds. In the acetylcho-
linesterase activity assay, only hyperin revealed 24.8%
inhibition, whereas other compounds had very weak ef-
fects (Table 2). In the antioxidant activity assay, hyper-
in exerted markedly inhibitory potencies against
DPPH radicals, lipid peroxidation, and superoxide an-
ion formation (56.4%, 38.2%, and 62.6%, respective-
ly). The other compounds (β-sitosterol, stigmasterol,
and sesamin) had weak antioxidant activities, except
stigmasterol and sesamin with relatively strong superox-
ide anion scavenging properties. Moreover, hyperin ex-
Table 1 Antioxidant and anti-acetylcholinesterase activities of extracts and fractions from Cortex Acanthopanacis Radicis（%，xˉ ±s）
Fraction
MeOH
CH2Cl2
EtOAc
BuOH
Antioxidant activity
DPPH
29.52±0.47
17.34±0.28
87.50±0.83
15.81±0.25
Superoxide anion
82.43±0.76
93.35±0.84
60.22±0.43
78.53±0.48
Acetylcholinesterase
activity
12.80±0.16
20.56±0.18
25.83±0.23
10.42±0.19
Notes: each value represents the mean±SE (n=3). Dose: 1.0 mg/mL. DPPH: 2,2-diphenyl-1-picrylhydrazyl.
Compound
Sesamin
β-sitosterol
Stigmasterol
Hyperin
α-tocopherol
Tacrine
Ascorbic acid
Antioxidant activitya
DPPH
5.72±0.14
7.33±0.16
12.53±0.17
56.44±0.82
74.72±0.88
-
-
LPO
3.94±0.12
5.30±0.18
16.46±0.20
38.22±0.54
68.77±0.67
-
-
Superoxide anion
1.01±0.04
58.88±0.75
45.65±0.55
65.63±1.10
-
-
98.85±1.04
Acetylcholinesterase activityb
1.60±0.08
4.02±0.17
6.26±0.61
24.84±0.69
-
89.12±0.83
-
Table 2 Antioxidant and anti-acetylcholinesterase activities of isolated constituents from Cortex Acanthopanacis Radicis and posi-
tive controls（%，xˉ ±s）
Notes: each value represents the mean±SE (n=3). aInhibition at a concentration of 0.1 mg/mL; bInhibition at a concentration of 0.25 mg/
mL. DPPH: 2,2-diphenyl-1-picrylhydrazyl; LPO: lipid peroxidation.
Figure 1 Effect of the total extract and fractions on scopol-
amine-induced memory impairment in the passive avoid-
ance test
Each dose of extract and fractions is 250 mg/kg, p.o. Tacrine
(positive control) was administered by 2.5 mg/kg, i.p. Data
represent the mean±SE (n=7). aP<0.05 compared to control.
2
2
a
a Figure 2 Effect of the total extract and fractions on scopol-
amine-induced memory impairment in the Morris wa-
ter-maze test
Each dose of extract and fractions is 250 mg/kg, p.o. Tacrine
(positive control) was administered by 2.5 mg/kg, i.p. Data
represent the mean±SE (n=7). aP<0.05, compared to control.
a
a
2
2
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erted significant (P<0.05) and potent memory enhanc-
ing effects, with (146 ± 38) s of step-through latency
time, compared with the control [scopolamine-treated
group, (67±25) s].
As presented in Figure 4, hyperin exerted significant
(P<0.05) and potent memory enhancing effects which
was comparable with the reference compound tacrine
[(162±43) s, P<0.05] at the dose of 2.5 mg/kg.
DISCUSSION
The methanol extracts and fractions from Cortex Acan-
thopanacis Radicis were investigated for their acetylcho-
linesterase activities and antioxidant properties in vitro.
Acetylcholinesterase degrades the neurotransmitter ace-
tylcholine by hydrolysis and is mainly found in the cho-
linergic nervous system, where its activity serves to ter-
minate synaptic transmission for preserving learning
and memory.20 Among the fractions tested, the ethylac-
etate fraction exhibited strong inhibition on acetylcho-
linesterase at a dose of 1.0 mg/mL (Table 1). The ethyl-
acetate fraction also showed potent antioxidant activity
in the DPPH and superoxide anion assay systems. The
DPPH radical is more convenient for an antioxidant
test than the hydroxyl radical due to its stability. The
superoxide anion is a kind of reactive oxygen species
converted to hydrogen peroxide and oxygen molecule
by superoxide dismutase, an antioxidant enzyme. The
ethylacetate fraction exerted much higher DPPH scav-
enging activity and lower superoxide anion formation
ability than the other solvent fractions.
Contrary to an in vitro assay, the methylene chloride
fraction was much more active than the ethylacetate
fraction in the passive avoidance task test using mice
models with a 167.5% increase compared with the con-
trol (scopolamine-treated group), indicating that the
methylene chloride fraction significantly (P<0.05) ame-
liorated the scopolamine-induced memory impair-
ment. This task is a fear-motivated test classically used
on small laboratory animals, such as rats or mice, for
the assessment of short-term or long-term memory,
and is useful for evaluating the effects of novel chemi-
cal entities on learning and memory as well as studying
the mechanisms involved in cognition.21
The memory-improvement effect of the methylene
chloride fraction was further verified by performance
of a Morris water-maze task test.22 The methylene chlo-
ride fraction displayed a shortened escape latency time
significantly (P<0.05), compared with the scopol-
amine-treated group.
The above results suggest that the methylene chloride
fraction contains active constituents that may amelio-
rate scopolamine-induced memory impairment. Sco-
polamine is a muscarinic antagonist that especially im-
pairs learning acquisition and short-term memory.23
Among the four constituents, hyperin showed anti-ace-
tylcholinesterase activity remarkably, notable DPPH
and superoxide anion radical scavenging capacity and
proper anti-lipid peroxidation effect. Antioxidant activ-
ities of hyperin have been reported using TBA meth-
od24 and lipid peroxidation assay.25 Stigmasterol and ses-
amin had relatively strong superoxide anion scavenging
property. Because hyperin displayed significant an-
ti-acetylcholinesterase and antioxidant activities, its
memory-improvement effect in vivo was investigated
with a passive avoidance task test. Owing to its renal
toxicity, tacrine is no longer used in clinical applica-
tions, but is still used as a positive control for learning
and memory experiments. The protective effect of hy-
perin on cognitive impairment has been studied in rats
with acute cerebral ischemia-reperfusion injury.26,27
However, its acetylcholinesterase and antioxidant activi-
ties, and its effects in a passive avoidance task model in
mice have never been reported.
In conclusion, hyperin, a flavonoid glucoside isolated
from Cortex Acanthopanacis Radicis, exhibited an ex-
cellent enhancement of memory in the passive avoid-
ance task test, and its action may be partially mediat-
ed by the acetylcholine-enhancing cholinergic ner-
vous system.
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